Abstract -The use of organic nutrient sources in improving crop quality can be a viable alternative to traditional farming. Organic farming encourages the reduction of agrochemicals and promotes soil conservation principles. Although crop quality depends on several factors, among which the nutrient source plays a great role, there is little information available on how rice quality is affected by different organic composts. Here we grew aromatic rice on two levels of four organic composts made from kudzu vine (Pueraria lobata) at 5 and 10 Mg ha −1 , Urtica sp. (nettle) at 5 and 10 Mg ha −1 , Lantana sp. at 5 and 10 Mg ha −1 , winter weeds at 2.5 and 5 Mg ha −1 , and two other organic amendments of poultry at 2.5 and 5 Mg ha −1 and farmyard manure at 5 and 10 Mg ha −1 . We studied the effect of these organic sources on nutritional and physico-chemical properties, and on the cooking quality of the rice, using a fertilized, chemical treatment as positive control. Our results show that grain yield was significantly influenced by the supply of major plant nutrients. The highest rice yield of 4.0 Mg ha −1 was obtained from the inorganically fertilized treatment. The protein content in grains was the highest, 8.98%, in the inorganic treatment (100:60:40 kg N, P, K ha −1 ) and lowest, 7.55%, in the control. Among organic treatments, farmyard manure at 10 Mg ha −1 contributed the least in terms of the protein content of the rice (7.78%). Significantly higher iron content, of 52.2 μg g −1 , was recorded with organic fertilization than inorganic fertilization (42.1 μg Fe g −1 ). However, inorganic fertilization was superior in terms of copper content, of 4.1 μg Fe g −1 , compared with organic treatments: 3.1-4.0 μg Fe g −1 . Quality attributes indicated that cooked kernel length was positively correlated with the kernel elongation ratio. Winter weed compost provided comparative benefits for rice yield (3.87 Mg ha −1 ) and quality in terms of protein (8.42%), iron (48.31 μg g −1 ) and head rice recovery (49.39%) compared with other sources of nutrients. The results of this study suggest that organic nutrient sources can perform comparatively well as regards chemical and physico-chemical properties, and cooking quality of rice, if not better in some parameters than inorganic fertilization.
INTRODUCTION
Organic food markets in India are expanding quite fast owing to growing demand for organic food and the high premium it fetches (Patnaik, 1996) . Basmati and fine grain aromatic rice have tremendous export value. Organic and inorganic produce differ in quality parameters (Artur and Kjellenberg, 1997; Bourn and Prescott, 2002; Wszelaki et al., 2005) and protein content is found to be more in conventional than organic crops (Worthington, 2001; Magkos et al., 2003) . However, the source and the amount of fertilizer application directly influence the level of available nutrients, and indirectly the physiology and chemical content of the plant (Li et al., 2003) . There is new research impetus towards improving the nutritional quality of rice throughout the world and the issues surrounding rice quality are increasing day by day (Quyen and Sharma, 2003) . Rice grain quality is very complicated, but an important character in many rice production areas of the world, mainly defined by four constituents: namely, milling, cooking, appearance and nutritional quality (Li et al., 2003) . Among environmental factors, supply of nutrient sources during the life cycle of the crop also contributes to the physico-chemical quality of the produce (Miller et al., 1980 ). * Corresponding author: s_supradip@yahoo.com Phytic acid (myo-inositol, 1,2,3,4,5,6-hexakis phosphoric acid), an anti-nutritional factor, is the principal storage form of P in cereals. It reduces the bioavailability of iron, zinc and calcium. In rice grain, the aleurone layer contributes 90 per cent of the phytic acid. Phytate content can be influenced by genetics, environmental fluctuations, types of soil and fertilizer application (Miller et al., 1980; Hidvegi and Lasztity, 2002) . Information about the influence of nutrient sources on the conversion of phosphorous to phytic acid is meager.
The present study includes three types of wasteland vegetation: namely, kudzu vine (Pueraria lobata Willd), nettle (Urtica sp.) and lantana (Lantana camara). Kudzu, a vigorous perennial legume and the other two weeds, lantana and nettle, were used as compost for supply of nutrients. The abovementioned plants are fast-growing weeds in nearby wastelands and can be used as potential soil organic amendment . Lantana camara and Pueraria sp. residues have been used to increase P availability, and ultimately increased crop yield (Nziguheba et al., 2000; Kayuki and Wortmann, 2001; Kolawole et al., 2004) . In recent times, a number of different nutrient sources have been used as an alternative to inorganic fertilizer (Hachicha et al., 2006; Mekki et al., 2006) .
We hypothesized that applications of organic composts with differential nutrient compositions could enhance the nutritional quality of rice grain. Therefore, a field experiment was set up with the objective of estimating the changes in protein, 
MATERIALS AND METHODS

Chemicals and reagents
All chemicals and reagents were procured from Merck India Ltd. Double-distilled water was used throughout the analysis.
Instruments
For protein estimation, an Autoanalyzer (Tecator, Sweden) was used using the Kjeldahl method. Phytic acid and phosphorus contents were estimated colorimetrically using a spectrophotometer (Analytik Jena AG, Germany). For the estimation of potassium, a flame photometer (Systronics 128, India) and for minerals, an atomic absorption spectrophotometer (Analytik Jena AG, Germany) were used. A Satake rice mill and Sigma 12B centrifuge were used for hulling of rice grains and centrifugation, respectively.
Experimental site and agronomic practices
The present experiment was undertaken at the experimental farm of the institute located in Almora, Uttaranchal, India during the rainy season (June-September) of 2003. The experimental plot was situated in the Indian Himalayas (29
• 36' N, 79
• 40' E and 1250 m above msl). The soil (0-15 cm) was silty clay loam, acidic (pH 5.9) in reaction, with 0.09 dS m −1 electrical conductivity, 0.8 g kg −1 organic carbon, 414 kg ha K and 1.38 Mg m −3 bulk density. The initial steady state infiltration rate was 18.7 m day −1 .
Fourteen treatments were laid out in a randomized block design with three replicates. The treatments were (i) Non-amended control (ii), (iii) Lantana compost at 5 and 10 Mg ha −1 , respectively; (iv), (v) Kudzu compost at 5 and 10 Mg ha −1 , respectively; (vi), (vii) Urtica compost at 5 and 10 Mg ha −1 , respectively; (viii), (ix) Winter weeds at 2.5 and 5 Mg ha −1 , respectively; (x), (xi) Farmyard manure at 5 and 10 Mg ha −1 , respectively; (xii), (xiii) Poultry manure at 2.5 and 5 Mg ha −1 , respectively; and (xiv) Inorganic (N, P, K were applied at 100, 60 and 40 kg ha −1 , respectively). Organic manures were incorporated into the soil 15 days prior to transplanting of rice. The nutrient contents in different organic manures were analyzed prior to incorporation into experimental plots (Tab. I). The test variety selected was aromatic rice, RP-3392-79-45-18-8 (IET11341 × Kasturi) ( shoots and leaves in a pit for 30-55 days depending on the materials used.
Soil sampling and processing
The soil samples from the surface layer (0-15 cm depth) were collected before the start of the experiment. The composite soil samples were air-dried, ground and passed through a 2-mm sieve. Soil samples were digested using a di-acid mixture (HNO 3 :HClO 4 ; 10:4 v/v).
Soil analysis
The oxidizable soil organic carbon was determined as per Walkley and Black (1934) . Available N, Olsen-P and NH 4 OAc-K contents were determined by the standard procedures as outlined by Page et al. (1982) .
Grain sampling and processing
Rice grains were harvested at maturity and air-dried naturally for further processing. The dried grains were stored at room temperature for three months prior to analysis of physico-chemical properties. The samples were drawn using the quartering procedure (Lees, 1975) and were analyzed for chemical parameters after tri-acid digestion (HNO 3 : HClO 4 :H 2 SO 4 ; 10:1:4 v/v/v).
Grain analysis
The protein content was determined as described by the AOAC method using the formula N × 5.95 (AOAC, 1990). The phytic acid was determined by precipitating it with ferric ion (Wheeler and Ferrel, 1971) . Mineral contents were determined after wet ashing with di-acid mixture, concentrated nitric acid and perchloric acid (1:1, v/v). The potassium content was determined by flame photometry, while Fe, Cu and Zn contents were analyzed by using an atomic absorption spectrophotometer. Phosphorus was estimated photometrically via development of the phospho-molybdate complex (Taussky and Shorr, 1953) .
Physico-chemical properties
The rough rice was dehulled and the brown rice was polished for 75 seconds. This polished rice was ground by using a Cyclotec sample mill. Milled rice out-turn was expressed as per cent of milled rice. A slide caliper was used for measurement of grain length and breadth. Milled rice was then classified, based on length and breadth, as slender (ratio > 3); bold (ratio 2-3); or round (ratio < 2) to determine the size and shape of the rice grain. The alkali spreading value was determined according to the procedure of Little et al. (1958) . Volumes of cooked and milled rice were measured by the water displacement method. Five grams of milled rice were added to a graduated cylinder containing 50 mL of water and the change in volume was noted. To measure the volume of cooked rice, 5 gm of milled rice were cooked and then added to the same cylinder to note the change in volume. Cooking time was measured at that time when 90 per cent of the cooked rice was totally gelatinized.
Statistical analysis
Data were statistically analyzed using SPSS (version 10.0) and represented by using Duncan's Multiple Range Test values. Significant differences were determined at the P < 0.05 level. The results are expressed as the mean ± standard deviation.
RESULTS AND DISCUSSION
Protein content
Protein content in dehulled rice grains varied from 7.55 to 8.98% (Tab. II), which was significantly higher in inorganic than organic treatments. This may be attributed to more availability of nutrients, particularly nitrogen, to the crop in the plots under inorganic treatment. Among organic treatments, application of winter weeds at 5 Mg ha −1 and kudzu compost at 10 Mg ha −1 resulted in significantly higher protein content (8.42%) compared with other treatments. Farmyard manure at 5 and 10 Mg ha −1 did not perform well, as both levels were at par with control.
Phytic acid and phosphorus
About 44.91-53.81% inorganic P was converted into phytic acid and it ranged from 363-419 mg per 100 g of dehulled grains (Tab. II). Phytic acid content in this aromatic rice line was in the lower range, as reported by Oatway et al. (2001) . No distinct trend was observed in total phytic acid content amongst different treatments, which shows that sources and doses of applied nutrients had little significant role in the conversion of P into phytic acid. Phytic acid content seems to be genetically controlled. However, the conversion of inorganic P into phytic acid was highest (53.81%) in rice grains from nonamended control plots. In contrast, total phosphorus content differed significantly among treatments, which was directly related to the quantity of applied nutrients. Among organic sources, poultry manure at 5 Mg ha −1 resulted in the highest total P content in grain (Tab. II). In general, organic rice contained more phosphorus than the inorganic treatment, although kudzu compost, winter weeds and farmyard manure at 5 Mg ha −1 were at par with the inorganic treatment. Furthermore, application of P in soil leads to an increase in total P content but does not affect its conversion into phytic acid. This result is in agreement with the review by Worthington (2001) , who reported that an organic crop was richer in phosphorous content compared with a conventionally grown crop.
Minerals
The potassium content in rice grain was highest due to organic treatments, which varied from 2390-2600 μg g −1
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(Tab. III). The potassium content in the inorganic treatment was significantly lower than that of Lantana and kudzu compost at 10 Mg ha −1 . This might be due to supply of more potassium through these two treatments (Tab. I). These two organic treatments yielded 2600 μg potassium per g of rice grain.
An atomic absorption spectrophotometer was used to analyze iron content in rice grains of non-amended control and inorganic treatments, and they were similar (41.67 and 42.10 μg g −1 ). Organically grown rice was, however, significantly richer (44.67-52.23 μg g −1 ) in iron content than the fertilized treatment (42.10 μg g −1 ). This result is in contrast to the conclusion drawn by Woese et al. (1997) and Worthington (2001) . Among the organic sources, Lantana compost at 10 Mg ha −1 and winter weeds at 5 Mg ha −1 performed better than the other treatments and the former recorded the highest Fe content (52.2 μg g −1 ) compared with the other treatments.
The zinc content in rice grain varied from 14.17-17.50 μg g −1 across the treatments (Tab. III). However, it did not vary significantly among organic treatments. Poultry manure at 5 Mg ha −1 proved the best at enriching rice with zinc and it was significantly superior to the inorganic treatment. Zinc concentration in the latter was at par with non-amended control. Contrary to zinc concentration, copper content in inorganic rice (4.07 μg g −1 ) was significantly higher than all (4.03 μg g −1 ). On the other hand, the lowest copper concentration was recorded with kudzu compost at 5 Mg ha −1 (3.11 μg g −1 ), which, however, was significantly better than control (2.71 μg g −1 ).
Physico-chemical properties
Based on the length and breadth of the grain, the rice genotype used in the present investigation was characterized as aromatic with long and bold type. Variations in the physicochemical parameters of the rice grain as influenced by nutrient sources were significant (Tab. IV). The variety contained satisfactory milling recovery, which ranged from 66.9-72.6 per cent in different treatments, except poultry manure at 2.5 and 5.0 Mg ha −1 , which had only 65 per cent milling out-turn. Hulling recovery was positively correlated with milling outturn (Tab. V), whereas head rice recovery showed no correlation with hulling or milling quality. Kernel elongation exhibited a positive relationship with cooked kernel length.
Hulling and milling quality due to nutrient sources differed significantly in some cases. Total hulled and milled rice recovery was highest with application of Utrica compost at 5 Mg ha −1 and significantly better than all other treatments. In general, lower doses of organic manures recorded better hulling quality than higher doses.
In the case of head rice recovery, kudzu compost at 5 Mg ha −1 was found to be the best among all the treatments with 49.2 per cent out-turn. Quyen and Sharma (2003) also reported an increase in head rice recovery and the length-breadth ratio in organic treatment. Different sources and levels of nutrients had no significant influence on kernel elongation. 
Grain yield
The milled rice yield varied between 3.01 and 3.87 Mg ha −1 in various organic nutrient treatments (Fig. 2) . Non-amended control produced the lowest rice yield and was significantly inferior to all other treatments except Lantana compost at 5 Mg ha −1 . Rice yields obtained with winter weeds at 5 Mg ha −1 and the inorganic treatment were significantly higher than other treatments, in which inorganic treatment yielded the highest milled rice production (4.00 Mg ha −1 ). Increase in the yield is mostly due to more availability of nutrients through inorganic fertilization. This result is in contrast with the report that spring cereals have similar yield levels with organic and mineral fertilization (Raupp, 1996) . Among organic treatments, winter weeds at 5 Mg ha −1 proved to be the best. Sharma et al. (2003) also reported that additions of residues of Lantana camara at 10, 20 and 30 Mg ha −1 increased rice yields on average by 18, 23 and 30%, respectively, as compared with control in a rice-wheat cropping system. The protein yield ranged from 215-359 kg ha −1 across the treatments (Fig. 2) . Protein yield in inorganic rice was the highest (0.36 Mg ha −1 ). Among organic treatments, winter weed compost application at 5 Mg ha −1 performed better than the others in terms of protein yield (0.33 Mg ha −1 ).
CONCLUSION
It has been established that yield and protein content in rice grain was influenced significantly by the sources of nutrients and that it was richer in conventionally grown rice than organic rice. Inorganic treatment was superior in terms of copper content. However, application of Lantana and kudzu composts, each at 10 Mg ha −1 , recorded the highest potassium content. The concentration of phosphorus in the rice varied significantly with applied nutrient levels and in general organic treatments were better than inorganic treatment. However, it was not the same in terms of phytic acid content. Iron content was significantly higher in organic than inorganic treatment. As regards physico-chemical properties, milling recovery was significantly correlated with hulling, and cooking kernel length with the kernel elongation ratio. The results of this study suggest that organic nutrient sources can perform comparatively well as regards chemical and physico-chemical properties, and cooking quality of rice, if not better in some parameters than inorganic sources. Among organic composts, winter weed compost performed better than the other organic treatments at elevating the yield and nutritional quality of rice (protein, iron content and head rice recovery) despite winter weed compost adding less nutrients than other organic composts. The universal desire for sustainable agriculture may be fulfilled only through organic farming. Use of natural resources and their recycling is a better alternative to achieve sustainability. Our results indicate that winter weed composts can be used for betterment of yield and nutritional quality of organically grown rice.
